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SPECTROPHOTOMETRIC DETERMINATION O F  BORON I N  ROCKS BY 
EXTRACTION WITH METHYLENE BLUE TETRA FLUOROBORATE COMPLEX /741* 

Akinori I sozaki ,  Sa to r i  U t s u m i * *  

ABSTRACT. 
using ac ids  i s  described. 

A standard procedure f o r  determining boron i n  rocks 

Methylene blue te t ra fuorobora te  complex can be ex t rac ted  with dichloroethane. 
Based on t h i s  f ind ing ,  s tud ie s  were made t o  e s t a b l i s h  a rap id  method f o r  t h e  
determination of minute q u a n t i t i e s  of boron i n  rocks. 

When t h e  rock is r ead i ly  decomposable i n  mixed s u l f u r i c  and hydroflu- 
o r i c  acids,  place 0.1 g sample, t he  mixed ac id ,  and hydrogen peroxide i n  a 
polypropylene beaker, and heat on a water b a t h .  f o r  20 minutes. When the  sample 
is decomposed, d i l u t e  t he  so lu t ion  with water t o  20 or  200 m l ,  depending on whe- 
the r  t h e  boron content is  less or  more than 10 ppm 1 p g / O . l  g. 
p a r t  (20 m l )  of t he  d i lu t ed  so lu t ion  t o  a polyethylene separatory funnel,  add 
methylene b lue  and dichlorethane, and shake. After separating t h e  organic l a y e r ,  
wash i t  wi th  s i l v e r  s u l f a t e  so lu t ion ,  and measure t h e  absorbance a t  660 mp 
aga ins t  dichloroethane. For those rocks which are d i f f i c u l t  t o  d i s so lve  with 
t h e  mixed ac id :  Place the  sample i n  a platinum c ruc ib l e  and fuse  with sodium 
carbonate. 
f l u o r i c  a c i d ,  and hydrogen peroxide. Then follow t h e  s a m e  procedure. 

Transfer a l l  o r  

Dissolve the  m a s s  i n  a polypropylene beaker with s u l f u r i c  ac id ,  hydro- 

Other elements present i n  the  rocks do not i n t e r f e r e  with t h e  analyses. 
With t h i s  method w e  were ab le  t o  determine 0.5 -. 100 ppm boron i n  rocks. 

1. Introduction 

Since boron i n  rocks is  one of t h e  important elements i n  geochemistry, a 
simple and rapid method of determination i s  desired.  

Determination of boron i n  rocks relies mostly on spectrophotometric methods; 
t he re  are r e l a t i v e l y  few color imet r ic  methods f o r  t h e  determination of boron, 
including those  f o r  boron i n  s o i l s .  Although, recent ly ,  curcumine (Ref. l), 
and carmine methods (Ref. 2 ,  3) are mostly used, handling of t h e  sample is  d i f f -  
i c u l t ,  and requi res  s k i l l  and t i m e .  The c r y s t a l  v i o l e t  method (Ref. 4) has low 
s e n s i t i v i t y .  The determination of boron using methylene blue could not be found 
elsewhere. 

The au thors  previously studied the  spectrophotometric method by ex t r ac t ion  
o f a  minute quant i ty  of boron (Ref. 5).Applying t h i s  method, w e  reported on t h e  
spectrophotometric determination of boron by ex t r ac t ion  i n  n a t u r a l  water (Ref. 6 ) .  
I n  order t o  apply these  methods (Ref. 5, 6 ) ,  w e  must f i r s t  l e a r n  how t o  treat 

*Note: Numbers i n  margin ind ica t e  pagination i n  the  o r i g i n a l  fo re ign  t e x t .  
**Akinori I sozak i ,  S a t o r i  U t s u m i ;  Nippon University,  School of Science and Eng- 

ineer ing ,  Dept. of I n d u s t r i a l  Chemistry; Surugadai Kanda, Chiyodaku, Tokyo. 



t he  samples before  they are subjected t o  the  ex t rac t ion  process. 
t o  hea t  treat samples with s u l f u r i c ,  and hydrofluoric  ac ids ,  s ince  upon decom- 
pos i t ion ,  boron i s  converted t o  the  te t ra f luoro  ion  (BF-4). For those samples 
which can not be decomposed by the ac ids ,  s u l f u r i c  and hydrofluoric  ac ids  were 
used a f t e r  t he  a lka l ine  fusion. 

It is  convenient 

Decompose 0.1 g of sample by either method, e x t r a c t  boron as BF methylene 4 
blue with dichloroethane, and measure the absorbance a f t e r  washing the organic 
layer .  Following such a procedure, w e  were ab le  t o  determine 0.5 100 ppm boron 
i n  rocks i n a  r e l a t i v e l y  sho r t  t i m e  with good precis ion.  

-. 
/742 

2. Experimental R e s u l t s  and Discussion 

2.1 Reagent and Apparatus 
Su l tu r i c  A c i d  (2m: 
lu ted  with water t o  1 2 .  
Hydrogen Peroxide Solution (1%): Di lu te  30% special  grade hydrogen peroxide. 
Non-hydrous Sodium Carbonate:Asahi Glass, standard reagent (99.99%) 
Samples f o r  t he  Standard Curve: 

b /  .4 m l  of spec ia l  grade concentrated s u l f u r i c  ac id  i s  d i -  

Mix spec ia l  grade non-hydrous s i l i c i c  acid with 
calcium carbonate (7:l)  i n  an agate mortar. 

A 100 m l  polypropylene beaker t o  decompose the  sample; a 200 m l  measuring 
f l a s k ;  10 m l  p i p e t t e  and s t i r r i n g  rod; a 20 m l  platinum cruc ib le .  

2.2 Procedure and Standard Curves 
Samples  which are read i ly  decomposable with s u l f u r i c  and hydrofluoric acid:  Place 
0.1-g sample i n  a 100 ml-polypropylene beaker, and add 5 m l  1 N  s u l f u r i c  acid 
p lus  5 m l  of 5% hydrofluoric acid (which w i l l  be ca l led  mixed ac id  below). 
1 m l  of 1% hydrogen peroxide so lu t ion ,  and decompose by heating f o r  20 minutes 
on a water bath while s t i r r i n g  with a polyethylene rod. 
and d i l u t e  t o  e i t h e r  20 m l  i f  the  boron content i s  less than 10 ppm lpg/O.l g 
o r  200 m l *  i f  the  content i s  more than 10 ppm i n  a polyethylene measuring f l a s k .  
Then t r a n s f e r  20 ml i n t o  a polyethylene separatory funnel.  Add 3 m l  of 0.001 
mol/l  methylene blue so lu t ion ,  and 10 m l  of dichloroethane, and shake vigorously 
f o r  1 minute. When the two l aye r s  a r e  separated,  t r ans fe r  the  organic layer  i n t o  
a separatory funnel containing 5 m l  of silver s u l f a t e  so lu t ion  containing 1 mg 
as silver ion ,  and wash t h e  organic layer by shaking vigorously f o r  1 minute. 
After  allowing i t  t o  set t le ,  measure the absorbance of the organic layer  a t  
660 mp i n  a 1 m m  ce l l  using dichloroethane as a reference.  
t e n t  i s  less than 10 ppm, use curve I, otherwise, u se  curve I1 of Fig. 1. 
which are d i f f i c u l t  t o  decompose with t h e  mixed acid:  
platinum c ruc ib l e ,  fu se  with 0.5 g non-hydrous sodium carbonate f o r  20 minutes, and 
cool. Add 7 m l ,  2N s u l f u r i c  ac id ,  and t ransfer  t he  c ruc ib le  and the  contents  
i n t o  a polypropylene beaker. Wash the  crucible  with a s m a l l  amount of w a t e r ,  
add 5 m l ,  5% hydrofluoric  ac id  and 1 m l ,  1% hydrogen peroxide, and hea t  f o r  20 
minutes on a water bath.  

Add 

Cool t o  room temperature, 

When the  boron con- 
Samples 

Place 0.1 g sample i n  a 

Then follow t h e  same procedure a s  described above. 

Although a rock with known boron content should be used f o r  the  standard 

*When a 200 mlmeasuring f l a s k  is not avai lable ,  use a 100 m l  one. I n  t h i s  
case, take 10 m l ,  and d i l u t e  t o  20 m l  with water. 
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Boron (ug) 

curve, w e  w e r e  obliged t o  use 0.08 g of 
the previously described samples* f o r  the  
standard curve, t o  which were added known 
amounts of t h e  boron standard so lu t ion ,  
since i t  i s  d i f f i c u l t  t o  ob ta in  such 
rocks. Standard curves were made by sub- 
t r ac t ing  the  absorbance of t h e  blank from 
the a c t u a l  absorbance (e.g. Fig. 1). 
Curve I w a s  obtained by using t h e  whole 
sample so lu t ion .  And curve I1 w a s  obtained 
when only p a r t  of t h e  so lu t ion  w a s  taken 
from t h e  t o t a l  200 ml ( t h e  d i f f e rence  w i l l  
be discussed l a t e r ) .  The curves have 
s l i g h t  curvatures,  bu t  have good repro- 
duc ib i l i t y .  Although fused samples give 
higher absorbances, agreements are ob- 
tained when t h e  blank absorbance i s  sub- 
t rac ted .  

Figure 1. Standard Curves 
2 . 3  Examination of t h e  Determination 
Conditions. 

2.3.1 Decomposition of Sample: 
When the  sample f o r  the  standard curve w a s  placed i n  a platinum c ruc ib l e  

with s u l f u r i c  and hydrofluoric ac ids  and heated on a sand ba th ,  the  absorbance 
of t h e  blank became l a rge ,  and the  reproducib i l i ty  became bad, depending on the  
temperature, and the  length of t he  heating process. One sample w a s  placed i n  a 
platinum c ruc ib l e  with only s u l f u r i c  a c i d ,  and heated. Af te r  i t  w a s  cooled, i t  
w a s  t r ans fe r r ed  i n t o  a polyethylene separatory funnel with hydrofluoric ac id ,  and 
allowed t o  stand a t  ambient temperature. 
inum c ruc ib l e  with s u l f u r i c  and hydrofluroic ac ids ,  and allowed t o  stand overnight 
a t  ambient temperature. 
constant.  
phosphoric ac id ,  instead of s u l f u r i c  acid. It i s  suspected t h a t  boron might have 
been leached from t h e  platinum c ruc ib l e ,  
t h e  fu tu re .  

The other sample w a s  placed i n  a p l a t -  

I n  both cases,  the absorbances of blanks w e r e  low and 
A similar r e s u l t  w a s  obtained using a brand new c ruc ib l e  o r  using 

W e  w i l l  pursue t h e  matter f u r t h e r  i n  

When the  sample f o r  t h e  standard curve w a s  placed i n  a polyethylene beaker 
ins tead  of a platinum c ruc ib l e ,  and heated on a water bath with s u l f u r i c  and hy- 
d r o f l u o r i c  ac ids ,  t h e  absorbance of t h e  blank became higher with t h e  heating t i m e ;  
t h e  absorbance w a s  0.18 f 0.02** when the heating t i m e  w a s  20-30 minutes. 

*'The sample 
f l u o r i c  ac ids  a t  ambient temperature i n  a polypropylene beaker. 
boron i n  t h e  sameple w a s  determined by the previously described method (Ref. 5). 
Since the  value obtained w a s  c lo se  t o  t h a t  of t he  blank (0.11 +0.01), t h e  amount 
of boron i n  the sample can be considered negl ig ib le .  When boron is  found i n  
t h e  samples f o r  t h e  standard curve, appropriate cor rec t ions  must be applied. 

**'This is the  same as the  value f o r  the blank i n  Curve I, Figure 1. I n  Curve 
I1 t he  absorbance is  0.11 - +0.01 because of t he  d i l u t i o n  (Ref. 5). 

f o r  t he  standard curve w a s  decomposed with s u l f u r i c ,  and hydro- 
The amount of 
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Figure 2. Ef fec t  of Extraction 
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Figure 3. Formation of BF4 
V o l a t i l i z a t i o n  of BF 
X: Blank Value 
A :  0.5 pg Boron 
0: 0.5 pg Boron 
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Blank Experiment 

Although boron is assumed t o  be leached from t h e  polyethylene beaker, t h i s  
is not ce r t a in .  Polypropylene beakers (100 ml) which are so ld  as heat-resis- 
t a n t  beakers are easier t o  handle than the  polyethylene beakers. 

Samples which are not decomposable by the  mixed ac id  r equ i r e  a l k a l i n e  
fusion. 
wi th  sodium carbonate and fused f o r  2 0 ~ 3 0  minutes. 
allowed t o  cool, and s u l f u r i c  ac id  w a s  added. Then i t  w a s  t r ans fe r r ed  t o  a 
polypropylene beaker. Hydrofluoric acid, and hydrogen peroxide w e r e  added, and 
w e r e  heated f o r  20 minutes. Although the absorbance (0.23 20.02)*'0f the  blank 
w a s  s l i g h t l y  higher than t h a t  obtained with the  blank which w a s  decomposed i n  
a polypropylene beaker with the  mixed acid, a r a t h e r  constant value w a s  ob- 
tained. The absorbance of t he  blank did not  increase  i n  the  case when sodium 

composed by t h e  ac id  i n  a platinum cruc ib le  ( the re  is no leaching of boron). 
W e  w i l l  i n v e s t i g a t e  t h e  cause i n  the  future.  

The sample fo r  t he  standard curve was  placed i n  a platinum c ruc ib l e  
Af te r  fusion, i t  w a s  

carbonate was  fused i n  a platinum crucible,  un l ike  the  case when i t  w a s  de- I743 

When t h e  concentration of the mixed a c i d  is low, the rock is d i f f i c u l t  t o  
decompose. When the sample is heat-decomposed i n  a polypropylene beaker with 
a concentrated mixed ac id ,  the absorbance of the blank increases, and the re- 
p roduc ib i l i t y  becomes poor. 
t h e  s lope  of t h e  standard curve f l a t t e n s ,  and the,  s e n s i t i v i t y  decreases (Ref. 51, 
which expla ins  t h e  d i f fe rence  i n  the  standard Cruves I, and I1 i n  Figure 1. 
A s  a r e s u l t ,  w e  decided t o  use 5 m l ,  lN s u l f u r i c  ac id ,  and 5 m l ,  5% hydrof luor ic  
acid.  
N o  e f f e c t s  were found from a longer heating of poorly so luble  samples.  

When t h e  hydrofluoric ac id  concentration increases ,  

Twenty minutes of heating is  ample f o r  t h e  e a s i l y  decomposable sample. 

*'Sodium carbonate contains boron. 
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Considering t h e  boron content i n  the rocks, 0.lg w a s  adopted as a sample 
weight. 

2.3.2 The Ef fec t  of Extraction Temperature 

Study w a s  made on t h e  e f f e c t  o f t h e  temperature of dichloroethane on i t s  ex- - t r a c t a b i l i t y  when t h e  rock i s  decomposed, and converted t o  BF 

wi th  methylene blue. 
boron, following the  previously reported procedure (Ref. 51, is shown i n  
Figure 2. 

and complexed 4 '  
The e f f e c t  of the temperature on the blank and 0.5 pg 

The absorbance of t h e  blank i s  unchanged wi th  temperature. With 0.5pg 
boron, although t h e  absorbance does not appreciably change up t o  3OoC, i t  de- 
creases appreciably a t  higher temperatures. Therefore, t h e  so lu t ion  should be 
cooled with w a t e r  t o  room temperature before subjec t ing  i t  t o  ex t rac t ion .  

2.3.3 The Formation of BF- and t h e  V o l a t i l i z a t i o n  of BF3 4 - 
I n  the previously reported procedure (Ref. 5), t he  formation of BF4 re- 

quired over 30 minutes a t  ambient temperature wi th  3 m l ,  lN s u l f u r i c  ac id ,  and 
3 m l ,  5% hydrof luor ic  acid. 
is  considered t o  be acce lera ted ,  s ince  i t  i s  heated on a water bath.  There is 
a danger t h a t  formed BF - may escape as boron f l u o r i d e  (BF ) when it  is  heated. 

Hence, t h e  standard boron so lu t ion  (0.5 pg boron) w a s  placed i n  a polypro- 

The formation i n  t h i s  case (new procedure),however, 

4 3 

pylene beaker with the  mixed ac id ,  and heated on a w a t e r  bath. It w a s ,  then, 
cooled w i t h  w a t e r  * ' t o  t he  ambient temperature, t r ans fe r r ed  i n t o  a separatory 
funnel, washed with a s m a l l  amount of water, and made t o e q u a l  a 20 m l  volume. 
The same procedure (Ref. 5) was followed, and the  absorbance measured ( the  blank 

w a s  run, s i m i l a r l y ) .  The r e s u l t s  are shown i n  Figure 3. 

I f  t h e  absorbance (against  blank) of 0.5 pg boron f a l l s  on the  previously 
reported (Ref. 5) standard curve (absorbance is 0.39 +0.01), then t h e  formation 
of BF4- is  complete, and the re  i s  no loss  of BF3. 

As i nd ica t ed  i n  Figure 3, t he  formation of BF is rather f a s t  compared 

t o  that of a b i e n t  temperature; t he  formation is  complete with 10 minutes of 
hea t ing ,  bu t  no t  with 5 minutes of heating. 
whether the hea t ing  t i m e  is 20 o r  30 minutes, t h e  l o s s  of BF3 need no t  b e  con- 

s ide red  w i t h  30 minutes of heating. 

4 

Since the  absorbance is unchanged 

- 
Considering the  t i m e  required f o r  the  formation of BF4 , and t h e  decompo- 

s i t i o n  of rocks, the heating t i m e  w a s  s e t  a t  20 minutes. 

* '  It required 10 minutes from t h e  t i m e  i t  w a s  cooled t o  the time it w a s  
ex t r ac t ed ,  which is not included i n  the  hea t ing  t i m e .  

5 '  



2.3.4 The Ef fec t  of the Coexisting Ions 

A study on t h e  e f f e c t  of o ther  elements, which are commonly found i n  rocks 
i n  q u a n t i t i e s  which are regarded as maximum amounts i n  a 0.lg sample, showed 
t h a t  none of such elements was found t o  cause in te r fe rence .  

However, since more than 5 mg of Fe(I1) i on  causes i n t e r f e r e n c e , l  m l ,  1% 
H202 so lu t ion  w a s  added t o  oxidize Fe(I1). 
amount, 0.01 mg of chromic ac id  w i l l  cause in te r fe rence .  Chromium i n  t h e  rock 
is  converted t o  t h e  sa l t  when fused w i t h  sodium carbonate. The so lu t ion  was  
ac id i f i ed ,  and the  chromium ions w e r e  reduced t o  Cr( I I1)  with hydrogen per- 
oxide. A s  s t a t e d  i n  the  "Effect of Coexisting Ions" i n  t h e  determination of 
boron i n  n a t u r a l  w a t e r  (Ref. 6 ) ,  the dichloroethane l a y e r  w a s  washed with a 
s i l v e r  s u l f a t e  so lu t ion  (contains 0.1 mg of s i l v e r  i ons ) .  

Moreover, although i t  i s  a minute 

2.4 The Determination of Boron i n  Rocks 

Table I shows the  r e s u l t s  of t he  analyses on seve ra l  samples following 
procedure 2.2.  
t he  mixed a c i d  

obtained when samples were t r ea t ed  with the mixed ac id  a f t e r  they were fused with 
sodium carbonate (which w i l l  be ca l l ed  a lka l ine  fus ion) .  

The determined values of boron when samples are decomposed with 
(which w i l l  be ca l led  acid decomposition) were compared with those 

Since the  amount of boron i n  rocks, which are not  decomposed by the  ac id ,  
can be determined with t h e  a lka l ine  fusion, t he  r e s u l t s ,  sometimes, vary 
considerably. In t h e  authors '  a n a l y t i c a l  r e s u l t s ,  samples which gave good 
agreements (between the  a l k a l i n e  fusion, and ac id  decomposition) w e r e  found t o  
be those which l e f t  no discolored insoluble materials upon ac id  decomposition. 
Aside from those shown i n  Table I, although most of t h e  igneous rocks w e r e  
decomposed with t h e  ac id ,  most of t he  a l l u v i a l  rocks required a l k a l i n e  fusions.  

It is  advisable t o  car ry  out  a lka l ine  fus ion  whenever t h e r e  is  a doubt. 1 7 4 4  

TABLE I. RESULTS OF DETERMINATION OF BORON I N  ROCKS 

Types Q u a n t i t a t i v e  Values of Boron (ppm) 
Acid Decomposition Alkaline Fusion 

Basalt, Miharayama Oshima 31 31 
10 11 Diabase, W-1 

Basalt, I z u  Peninsula 1.8 2.2 

a )  

(a )  
Granite,  G-1 

Granite,  C hikubayama 

1.5 
2 . 7  

1.5 
2.7 

37 47 b) 

Te r t i a ry  S h e l l  Stone, (Different Layer  24 33 

Ter t i a ry  S h e l l  Stone, Niigata Pref 

From Above) Ni iga ta  Pref b, 
Note: a )  Standard samples, American Geological Survey Bureau. 

b) Samples from in t eg ra t ed  research on chemical reac t ions  o f t h e  
a l l u v i a l  process. 
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. .  

I . 2.5 Recovery Experiment 

I n  order t o  assess t h e  r e l i a b i l i t y  of t h e  method, a recovery experiment 
w a s  conducted by adding boron t o  rocks. Boron 1 1.18 (10 pprn) w a s  added t o  
b a s a l t  (Miharayama, Oshima) , and w a s  analyzed th ree  t i m e s  (Table 11). . 

TABLE 11. RECOVERY EXPERIMENT 

Boron (ppm) 

Content 1 2 3 

Amount Added 31 31 31 

Tota l  10 10 10 

Measured Value 4 1  4 1  41  
Recovered Value 43 42 40 

Difference 1 2  11 9 

+2 +1 -1 

The added and t h e  recovered boron are i n  good agreement. 

The recovery experiment w a s  a l s o  conducted by adding boron t o  the  same 
sample, and t r e a t i n g  i t  with the  a lka l ine  fusion, with good r e s u l t s .  
periment w a s  a l s o  conducted on rocks whose boron contents w e r e  less than 10 
ppm, wi th  s a t i s f a c t o r y  r e s u l t s .  

"he ex- 

Also, when the  sample weight of t he  recovery experiment w a s  changed t o  
O.O5g, o r  when t h e  amount of so lu t ion  sampled from the  discolored so lu t ion  
a f t e r  decomposition w a s  var ied  t o  10 m l ,  t he re  w a s  no d i f fe rence  i n  t h e  r e s u l t s  
wi th in  the  e r r o r  of analyses. 

2 6 Precision 

Eight analyses w e r e  made on b a s a l t  samples from Miharayama, O s h i m a .  The 
standard devia t ions  are shown i n  Table 111. 

S i m i l a r  r e s u l t s  w e r e  obtained with the a l k a l i n e  fusions.  

TABLE 1 I I . P R E C I S I O N  

Number Boron (ppm) Deviation 

1 29 -2 
2 31  0 
3 31 0 
4 30 -1 
5 32 +1 
6 30 -1 
7 31 0 
8 33 +2 

Standard Deviation 1.3 ppm 
% Deviation 4.2% 

Average Value 31 PPm 

7 
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2.5 Additional Comments 

We w i l l  discuss the po in t s  which requi re  caution i n  t h e  procedure. When 
reagents are re-prepared, o r  when new polypropylene o r  platinum c ruc ib l e s  are 
used, t h e  absorbance of t h e  blank w i l l  somet ime change. When samples  are de- 
composed by heating on a w a t e r  bath,  they must be heated gradually,  and a l s o ,  
t he  hea t ing  t i m e  must be constant i . e . ,  20 minutes, When a value of less than 
0.1 vg (10 ppm) w a s  obtained using Curve I1 i n  Figure 1, re-process t h e  sample 
and d i l u t e  t o  20 m l ,  and determine the  value from Curve I i n  order t o  minimize 
the  e r r o r .  When the  so lu t ion  must be d i lu ted  t o  20 m l ,  i t  is  convenient t o  
have a 20 mlmark on the separatory funnel. 
hardly a f f ec t ed  the  q u a n t i t a t i v e  values of boron. 
w i l l  cause e r r o r s .  

A 

Changing the  volume by 2 2  m l  
Appreciable change i n  volume 

2.8 Conclusion 

Determination of boron w a s  conducted by t r e a t i n g  t h e  samples e i t h e r  d i r -  
e c t l y  o r  a f t e r  a lka l ine  fus ion  with s u l f u r i c ,  and hydrofluoric ac ids .  Boron 
w a s  then converted t o  BF4 , and a f t e r  adding methylene blue,  i t  w a s  ex t r ac t ed  

with dichloroethane. A standard procedure was  es tab l i shed  a f t e r  t h e  conditions 
were examined i n  d e t a i l .  With t h i s  method, a wide concentration range, 0.5- 
100 ppm boron, can be analyzed t o  20.3 ppm when the  concentration is  less than 
10 ppm, and 21 ppm when the  concentration is  over 10 ppm. The procedure i s  re- 
l a t i v e l y  simple, nevertheless,  ca re  must be taken with the  blank. The ana lys i s  
t i m e  is  approximately 1-1.5 hours. The absorbance of t he  blank increased con- 
s iderably  when s u l f u r i c  and hydrofluoric ac ids  were heated i n  a platinum cruci-  
b l e .  Normal values can be obtained with a l k a l i n e  fusions.  W e  w i l l  pursue the  
problem later.  

- 

I n  t h i s  study, precious samples were submitted by those i n  t h e  Analy t ica l  
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ported by t h e  S c i e n t i f i c  Research Grant of t he  Ministry of Education. 
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W e  

(Presented a t  t h e  15th Japan Analy t ica l  Chemistry Socient, October, 1966). I 
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